Objective: This study aims at analysing the relationship between isokinetic leg strength and dynamic balance performances of MSK Urfa male volleyball players that play in Turkey Volleyball League of Swashbucklers.
Introduction
Volleyball is a branch that includes in spike, block, spike serve and coverage actions, is played in high intensity in a short span of time, and requires maintaining body balance as well as strong arms and leg.
Volleyball players need to gain strength and maintain it to perform successfully. They need to provide the control of the body in a proper mechanic while falling down after the spike and block; in other words, they need to have balance control, as well as maintaining the power gained (Sayers, 2000) .
Balance is of great importance for the performances of sportsmen. All branches contain a certain balance in their techniques. Studies conducted link the weakness of balance performance in both male and female athletes with an increased risk of lower extremity injury (Pappas et al., 2007; Hewett et al., 2009; Foss et al., 2014; Matthews et al., 2016) . It was determined that strength, flexibility and plyometric studies in which balance exercises constitute joint component lead to decrease in knee injuries by 72% for volleyball, basketball and football players (Hewett et al., 1999) . There are some studies reporting a close relationship between balance and force development in the literature (Soyuer et al., 2006; Mohammadi et al., 2012; Moraru et al. 2014; Çelenk et al. 2015; Bulgay and Polat 2017) .
Muscle strength is one of the most important components of sport for both injury prevention and high performance (Magalhaes et al., 2004) . While measuring muscle strength, it is quite important to determine the muscle balance and strength between dominant / non-dominant and agonist / antagonist muscle groups (Derviseviç and Hadzic, 2012) . Isokinetic dynamometers are widely used in these measurements (Kong and Burns, 2010) . Isokinetic tests are conducted at many different speeds (30-60-90-120-180-240-300º /s) (Rosene et al., 2001) . While the measurements between 0-180º /s measure basic muscle strength, measurements at a speed higher than 180º /s measure muscle functional force (Willigenburg et al., 2015) .
The difference in muscle strength of the same muscle group in different extremities is bilateral difference. Bilateral differences (90%) accepted in the literature are in the limits of (90%). The strength values of the dominant leg is slightly higher between the dominant and non-dominant legs (islegen et al., 1989) .
When analyzed in the literature, there are some studies that show the the relationship between the dominant and non-dominant hamstring and quadriceps muscle strength and balance (Mohammadi et al., 2012; Moraru et al., 2014; Çelenk et al., 2015; İbiş et al., 2015; Bulgay and Polat 2017; Akarçeşme and Aktuğ, 2018) . While there are some isokinetic leg forces studies at different angular velocities in the literature, this study aims at investigating the relationship between H/Q dominant-non-dominant Hamstring/Quadriceps (H/Q) bilateral differences of leg forces of volleyball players at angular velocities of both 60°/s and 180°/s and the dynamic balance.
Method

Participant
Thirteen volunteer male volleyball players that played in MSK URFA being a team in League of Swashbucklers in Turkish Volleyball Federation in 2016-2017 season are samples of the study. The average age, height, body weight and body mass index of the volleyball players participating in the study are shown in Table 1 . Since the team was in Ankara during the preparation camp period, isokinetic leg muscle strength, balance measurements and anthropometric measurements of volleyball players were performed in Ankara Private Guven Hospital.
Data Collection and Data Collection Tolls
Isokinetic leg muscle strength, balance measurements and anthropometric measurements of volleyball players were performed at the Ankara Private Guven hospital at the beginning of 2016-2017 pre-season preparation stage.
Isokinetic Leg Strength Measurement
Isokinetic leg strength of volleyball players were measured with isokinetic dynamometer (IsoMed 2000 GmbH, Germany). Before the test, the players warmed up at 80-90 rpm speed at the bicycle ergometer and then they performed stretching exercises. During the test, the body and knee parts of all volleyball players were fixed to the device by means of tapes, and isokinetic leg strength consisting of five repetitions at the angular velocity of 60°/s and 10 repetitions at the angular velocity of 120°/s were performed on both legs. Before the test started, one trial was performed at both angular speeds.
Dynamic Balance
Tecnobody Prokin (Italy) device was used to determine the dynamic balance performance of the volleyball players participated in the study. In the dynamic balance evaluation, the person was asked to keep the balance by standing on both feet on moving platform, by standing in straight position and in double foot squat position for 25 seconds. Before the test, some re-tests consisting of 10 seconds each were conducted on sportsmen to adapt to the dynamic balance tests.
BIA Measurement
Body composition measurements of volleyball players were performed with Bioelectric Impedance Measurement Device (Tanita MC 180).
Data Analysis
Descriptive statistical procedures (mean, standard deviation) were applied to the obtained data. Correlation coefficients and statistical significance were evaluated by Spearman Correlation Test since the variables were not normally distributed in the relationship between voluntary players' isokinetic leg strength and dynamic balance performance. The results were evaluated in SPSS 23.0 package program and the significance level was accepted as p <0.05.
Findings
The dominant, non-dominant bilateral differences of volleyball players at angular velocities of 60°/s H/Q force averages, H/Q ratios are shown in Table 2 . The dominant, non-dominant bilateral differences of volleyball players at angular velocities of 120°/s H/Q force averages, H/Q ratios are shown in Table 3 . The results of the study that was conducted to investigate the relationship between dynamic balance performance and isokinetic leg forces of volleyball players are shown in Table 4 and Table 5 . In Table 4 , it was seen that there was no statistically significant relationship between the dynamic balance performance of the volleyball players and the bilateral differences of the flexor and extensor muscles at the angular velocity of 60°/s (p> 0.05), and there was statistically significant relationship between the bilateral differences of the flexor and extensor muscles at 120°/s angular velocity (p<0,05). It was seen in squat movement that there was no statistically significant relationship between dynamic balance performance and bilateral differences of extensor muscles at angular velocities of 60°/s and 120°/s (p>0,05); and there was a statistically significant relationship between bilateral differences of flexor muscles at angular velocities of 60°/s and 120°/s (p<0,05). In Table 5 , there was no statistically significant relationship between dynamic balance performance of volleyball players and H/Q force ratio of dominant and non-dominant leg at angular velocity of 60°/s and 120°/ s (p> 0.05). In squat movement, there was no statistically significant relationship between dynamic balance performance and H/Q force ratio of dominant and non-dominant leg at angular velocity of 60°/s and 120°/s (p> 0.05).
Discussion and Conclusions
When the literature is analysed, some studies show a significant relationship between H/Q muscle strength and balance, while Soyuer et al. (2006) showed in their study that there is a relationship between balance and lower extremity muscle strength. Mohammadi et al. (2012) found out that the strength-training program for lower extremity in young male athletes increased leg strength and consequently increased their dynamic balance performance. Çelenk et al. (2015) found out in their study that quadriceps muscle strength was associated with dynamic balance performance, while hamstring muscle strength had no effect on balance performance. Bulgay and Polat (2017) stated in their study on wrestlers that balance performance is a significant relationship with leg muscle strength. Akarçeşme and Aktuğ (2018) determined in their study on female volleyball players that the increase in isokinetic quadriceps muscle strength of the hamstring and quadriceps muscle strength at the dominant leg at angular velocities of 60°/s at 180°/s improved the dynamic balance performance.
There are also some studies showing that there is no significant relationship between H/Q muscle strength and balance. Kapşigay et al. (2013) could not find a statistically significant difference between the dominant and non-dominant leg strength and the body balance in their study on footballers. Göktepe (2016) could not find any significant difference between the dominant and non-dominant leg strengths and balance performances of football players (p> 0.05). Gökten (2016) did not find any difference between hamstring / quadriceps ratios and balance variables in his study on U17-U18 saloon and beach volleyball players (p> 0.05). In this study, it was found that there was no statistically significant relationship between the balance of H/Q muscle strength and dynamic balance of the isokinetic leg forces of the volleyball players at the angular velocity of at 60°/s and 120°/s (p> 0.05), and there were some similarities with the studies in the literature.
Although there are some studies evaluating the balance and leg strength, it hasn't been revealed yet to what extent leg bilateral differences are influential on balance and such studies are limited.
In his study, Bakırhan (2007) found a significant correlation between bilateral force difference and dynamic balance. A statistically significant relationship was detected between volleyball players' hamstring and quadriceps bilateral muscle strength difference and dynamic balance performance at angular velocities of 120°/s (p<0,05). No statistically significant relationship was detected between volleyball players' hamstring and quadriceps bilateral muscle strength difference and dynamic balance performance at angular velocities of 60°/s (p>0.05).
Consequently, in this study, it is thought that the difference of bilateral muscle strength at the angular velocity of 120°/s has a significant effect on balance performance that constitutes the basis of performance in all branches and which is important in preventing injury.
Suggestions
It is seen that volleyball players only strengthen their dominant muscles in their strength training. In addition, it is thought that non-dominant muscles should also be strengthened at appropriate rates in order to provide appropriate bilateral difference. By this means, the balance performance increases and the risk of injury that is an expensive and difficult process decreases. 
